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(54) END PLANE LIGHT EMITTING DIODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a spot of light 
beams as a minute light source of a color laser 
printer, etc., by a method wherein a nitride 
semiconductor laser element having a wave guide 
path is operated with a current of less than a 
threshold current in a current-optical output 
characteristic, and lights emitted from an end plane 
are used as light emitting diode beams. 
SOLUTION: In a nitride semiconductor laser element 
having a device structure forming a wave guide path 
which is superior in confining lasers, it is operated 
with a current to such a degree that laser beams are 
not oscillated, namely a current of less than a 
threshold current, whereby emitted lights are fetched 
out from an end plane relevant to a resonance plane 
to externally, thereby obtaining blue and green colors, 
and obtaining an end plane light emitting diode which 
can use these lights for a minute light source, a 
display, a color laser printer, or the like. Incidentally, 

in the wave guide path, at least an n-type guide layer 5, an active layer 6 of a quantum well 
structure containing In, a p-type electronic confining layer 7, and a p-type guide layer 8 are 
laminated in this order between clad layers 4 and 9 containing Al. 
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Al,Ga,.,N (0. 05^e<0. 15) &^/uT"tS 
Z>g>mti&CDnM?7y H14. 7>H-ytDGaN*^ 
&SnI^Ki5, In,Ga,..N (0^b<l) * 
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xi0 l 7cm 1 -lxi0 n /cm 5 T^ e Z.(D£o 
tJRfftMg^K-^SSIBSE-r-S^ttCiO, Pin 
>^ FBcO^-v »J7««a*±#U pttffi^:^^-^ 

[0 0 3 1] Sfc, ^JEW©*^*, 'Jr»Xh 
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friEl 1 fc^-r<k'5&p£!3>^2r Ml 1 0^e»pl?7 
[0 0 3 2] X7f>^lTM$n/t'J7yW^X 

Zr, Nb, Hf, T D fc&^fr^MiRcStlfz'J^fc 

< tb— me>7tm&'$t*fflt%i j p. bn, a i Nm&m 

ITX b5'(zf<Dm±m\z3b2>v>M^>&£r Mi l oco 
ifflCplWM^Wo x 7 f>^LTM$W 20 
'J^^ttOXh^yofitLm 0. 5-4u 
rru jf^K(j;l-3MmtWo X h ^-f ycotl^d 

MtSr 1 ^iEtJfrtSOtdff £b^ 0 J^CDcfc^ 

td, U 7 y f «OX h 7 < y^X 7 f > Xh7 

-f^ti, z z\zxh 7 ^7<D®m<Df&»m<Dmffim friz. 
^ Mt£ i fcffi^< n^icift^tsn. *8H<wtt?— a 30 

& -So 

[0 0 3 3] 

<0Ttt&<* ^tfHVPE (A7< ^fflffififfi) , 
MBE (^ftafflfifcftft) 

[0 0 3 4] [J&KWl] HJfiWl ibt, Hil:*S 
[0 0 3 5] SIMirUT, H 3 t^T^ 5 tCX^ iy 
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;Pft0 = O. 1 5° > Xr77 P SHM^2 0t>y / 7 
h D — A* f7X(SWi3j;f 8 0 0t>^7 hD-AT 
^-'J :7^S*ABB£U X^y ^AffitcSHX 

KJ6SSl*fc^.y 1 0t:tcLT, tt'J 

TtfXfCzMR, ISC*4;tfXt£7>^~7£TMG ( HJ * 
^;i/#U^A) <h£ffl(^ it7 7^7Sfi±l:GaN± 
0^^)ffiS^fic7)A^y^rI1^2 0 0^T>^X hD-A 

©Mff-rrfiJEfi^-arSo /^>7 7IjSM, tmgom 

«6T» fig^ 1 0 5 0t^t±#$t, 10 5 Ottt 
o^cb, IKWtfX^TMG, y>^~7\ :>^>#X£ 

77lS»llt , ?X-A±ah?<^7* h7 

X^£^/£U CVD^SfCct OX 8 m 

rru ^fi|5<Z)i|B3 /zmcOS i O^O^^ilMO. 1 

^x-A*KJS«ggfc:»U 1 0 5 O^tCT, HCi&tfX 
TM G, T> ; E— TSrfflVV 7>K-y0GaN<tO 

[0 0 3 6] (7>H-/nS3>^? Mi) [0 1 (c 

a (h u y^ur;^ — ^a) , tmg, y>^— rtf 

X£fflV>T> F~:/<£>A 1 o. o 5 G a 0 . . 5 N<t OJtcSnS 

tCTMA, TMGRtf7> ; Ex7^X^t/\ 
X^>^>#X (S iH 4 ) SfflK Si^3xiO n 
/cm 3 F-7lfcA l..o S Ga 0 .i S N«J;0&5nS!3 
>^ MB2^3MmCOHi?T^S^-t±^o «fiSnft 

ss^t*^#s. nsftttoekstt, naa>?jn 

^ MiSrritS$i3:SClt^J:0 JiO&i? £&£o 

[0 0 3 7] (^^[»lLB3) #Cfcl. SM8 0 0 
rtCbT, fm#XlCTMG, TMI (hU^5 L ;i/-f> 
v^A) 5^7^X7^^ ^m^j37s\Zi/7>fi 
X*flH>, Si^5xiOVcm 3 hWU;In 
o. os Ga.. 9l NJ;OfeSi7^yi7|»lhll3S:0. 1 5 m 

[0 0 3 8] (ni^777 Kl4) *tC, SS^: 1 0 5 
OtClt, il^^XtCTMA, TMGW7> : EX7 
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SrflJ^, 7>\ i -7(DA U. , < G a 0 . . , 0 Al 
£2 5;t>^X hn-A<DHJPT/£fi£-fc?:, tt^T, T 
MA£±a6, ^tStt^tLiy7>^SfflK S i 
£5 x l 0 ,8 /cm 3 F-yLftGaNiDWBlg 
2 5*>^X KD-AOttJrmfiSii:*. tbT, £ 
©Iff^fn^ni 6 OI*J«gDiIbTAJi<hBJi(7}«JI 
U «JKJ? 8 0 0 0*>^x hn-Ac7)^«li 

[0 0 3 9] (nM<Hl5) *f:, W«CDfflKT, 

GaN«t0&5nS^Hl*0. 0 7 5 /im©iJlT 

[0 0 4 0] (IStti6) ift«£8 0 O^Kl, 

^MXtlTy7>^^fflt/^ Si£5X10 18 
/cm 3 K-7lfc I n 0 . o i G a 0 . 9 > Net D&5»BJi 

X, z/7>XXZ±®, 7>H-^In,. ls Ga,. 4i 
NcfcQ&5#FJf £2 0;t>^X h n-AOl&JST/Sfi 

(MQW) ©ffittJg6£/£fi£i±£ 0 
[0 0 4 1] (p^*^MUiAa6/f 7) 3fctc,. 
ST\ HC#4#Xl;:TMA, TMGWT^ZT^ffl 

^V^*>"i7A) Srffl^i, Mg^lXlO'Vcm'F 

[0 0 4 2] (pStf-Y KB 8) 3fcK, fiS^ 10 5 0 

>K-y©GaN<fcD&5pS!;tf-Y KJS8£0. 075 
MmOM/?T/£fi£-fr£ 0 dCDpM#-f KB 8 tt, T> 

^Mgco&titCct 0> MgII^5xiO ,f /cm ! t 

[0 0 4 3] (pS^7yKi9) 5*CJC, HSIOfflffi 
T\ H^XfCTMA, TMG^tf7>^7^^, 
7>K-y©A 1.. , Ga 0 ..NJ;0^SAB*2 5^J-> 

if7.hu— A<Dmm^gi&^ it. m*x, tm A*it 

^tt»*XtLTCp,MgSfflK Mg£5Xl 
O l8 /cm 3 K-yLftGaN ( t»)&'5BlS2 5*> 

^x ha-L,commxf$.^it^> 0 fit, c^awes 
ii5ooot>y'xhD-A(7)#ii oa*^«iia) ct 

[0 0 4 4] (pi3>^^hll0) Jfcfc, fSMStUDM 
mX\ IWXCTMGW7>^7^ffl^, >F*E«j 
ifXtLTCp^gSfflK Mg^lX10 !0 /cm 3 
K-7L^GaNi:D^^p^J>^^ hJH l 0*1 5 

o*>tfx ha-A<Dmmx^^it^> 0 
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[0045] Rmmrm. sjk^sw^^^t, ^x/\ 

££Si#BSl4», 7 0 0 < CT7--U>y / ^ffK pi 

S i 0 2c tD^^SIMMbT, R I E (SlStt-f 
^->X^^>^) *fljv>S i C l 4 ^Xti0xyf> 

H 4 Jc*rr 5 fc, n«a*JKjEjfr'<^n(Bj3> 
^ KJ^OSffiSrHttJ^-a-*. &tcg|4 (a) fc^rT 

ckstc, a±jicop#jn>^/7 1 o<Dm^m\z, 

10 PVDfi«fc«fcrK S (i^bT, Sift) 

«fc0&*m<O««K6 1£0. 5MmOK»T»«l, 

&sk mi<D{%mm6 i<D±\zm^mm<D^x^^ 

W\ 7* hl/yX hcfc0&*»3©«««t6 3*, Xh 
^-T^iUl. 8 Mm, SSUmT'^n, ^fc, g| 
4 (b) tcST«fc3£»3<Z)#»|R6 3Mf&m. RIE 
(£j£tt^>X^>^) ^MtCctO, CF 4 7^X* 
ffllV ffi3CDftKK6 3^X^iLT, l!MES§lCD# 
IISx^f>^LT, Xh7^yttitl) 0 *0D«X 

20 chtCcfcD, EI 4 (c) tc^TJ:^^pffliJn>^/7 hH 1 
0O±l:^h7-f7(|l. 8 Mm^l^{RHUi6 1 

[0 0 4 6] 114 (d) Xh7 

-f ^KCD»l<D«g»K6 IM&m, nmR I EtC^DS 
iCl^XSffl^T, pffl3>^/7hH0, tScfci; 
pi^77KB9^X 7 f>y'lT, Xh7<7fil. 
8/zm©>J7yMcOXh7<^Mt^o fit, U 
'r/W©Xh7^yn El 1 fc^Tct'StC, ELOG 

30 i^^a^t^cfc^ti^^n^o 'J7yXh7^7i 
^x-A^rPVDgBtC^itU H4 (e) tC^ 
"Tctatc:, Zrfftft (±ilTZr0 2 ) JcO&SSS 
2<B«^6 2 ft, Sl<&#BU«6 1©J:£, Xy?> 
^tcd: OKfflStlfcpffl!!^-/ HJl9C0±tc0. 5 Mm 

^■T^^, p-nffiojfijg^ fflt-F©S 

tcS»L, 114 (f) ^S-rctpfC, Sl©i»aiK6 1 

40 [0 0 4 7] #ClcB|4 (g) IC^-r^olC, pfflj3>* 
h/Il O<0±om<0fli«IK6 l**l**SftT«ttiL 
7^CDp{|iJa>^ hBc^^StcN i /Au<J;0fc*p 
«® 2 0e®jBST*, flLp««2 Otel 0 0 /zmCOX 

hy^ymtvx. z.(Dmiz^-r£v\z, w,2(D{%mm 

6 2©±^«^TJgjSc-r*o !B2<0«»K6 2JB/S«, 
H 1 ^$nsJ;'5fc8tB*iJ:fcnffl'Jn>^i7 Mi 2 CO 
SSfCttT i /A 1 ck0&5nti2 1 *X h^-ry^ 

[0 0 4 8] W±C0J:^{CbT, nlltptliW 
50 «Lfc9x-A©1t7r<7ifiSi*UT7 0Mmt 
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zn-vuzmmL, mmm (h-ooe, 

#J8i§® fc: S i o, t T i O, J: 0 &<50g«#£jHM£ffi? 

ftiS§gfi«3 0 0-5 0 0 /jmifSitjitlSLn. 

«. S£5£UJ;fja<l 0 0 tfW£fr£L€rvMi€^*8t©« 
«ET«)f^S-a:St. Kfi^5 3 0 nmf, Xtfy 
«t2~3wm. «£l~2 /im©£#&8M>583t££#o 

[0 0 4 9] [HSg^iJ2] HJg^iJ l Cis^T, pit? 
aUii*H7*£tToJ:'5t:2SI|*»6fl|fi!ES-a-*ttttRI 

(pS*^Ki;jAs6Ji7) ias*8 o o-cicbr. us 

tfXtCTMA. TMGRtKT> ; E-TSffll/i < ^WmU 20 
XtLTCp.Mg (->i7D^>^>?x-;PV^^>' r > 
A) £fflt^< Mg£5X10"/cm'H-yLfcAl 
o. , G a„. .NiQ&SfgfifiJcAcDAg £3 0*>?X h 
D-ACOMSTflXfi$-a- t ^TSS^9 0 0lCl:l 
T. Mg$5X10"/cm 1 h'-^LfcAl 1 .,Ga 
o. « NiO^tSiaSSfiKSOBB* 7 O^ry^X hD-A 
©■tffTfilEfiS-a-TttSftajilifiOAJBiifiHljtilEfiOB 

P^O&ff&#tt£;firT-2>. 30 

[0 0 5 0] [HJg^J 3] 1 K&lAT, Z^ytr 

KitH 3 SfiXfi^-y-^^fc. I n ©ififdcitSr 0 . 2<hL 
T. Si&5xl0"/cm , F-AfcIn,. l Ga 
o.iN«kOfc-5i'7y^l»lt:ll3£0. 1 5 umcomm 

(^7-7 FISSitJf3) TKiR^n, 77- 
^ 1 «fct)£*fk:fc*. 40 
[0 0 5 1] [SlSg0IJ4] *Jfi«|lt*J^T. Stt*6 

[0 0 5 2] (ffitt/f6) ^(c, ?Ift£8 o oricu 
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T» Hi&tfXfCTM I , TMGRZSTy^-T&Ril,*, 
^Mti;tfX<hLT:>7>#X£ffl^. Si55X10" 
/cm s h*-^Lfc I n 0 . o, Ga„. , , N«k 0fc-5»BJi 
Si 0 0*>^xhD-A©IIU*TfifcRS-H:S. it> 
T. ->5>#X£il;«>, 7>H-yoin,.„Ga I .„ 
N«fc0&a#FJB£4 0*>^ hD-A©lST^fi 
;:©*MP*3lEUiDigU «&K:B£J|£iMr 
bfc«£JiJP5 2 0t>^ hD-ACD#fia^#Ffilj£ 
(MQW) 0iS14l6MI^t5 ( 
[0 0 5 3] *ffl^6ttmsn-55t»4. «3t 

1 0 0 (tWt&« L^^ffi«8ft*^09««fT-i!)^ 
jfcg#*4 7 0 nmt, X^y hg/WH&UtJK 

[0 0 5 4] 

Tftlf-AOXjfly MM;*S/hS<T#S4 7 0 nm 
ffjficoWfeS.DC 5 3 0 nmttjffOjgfeWftftCQfgftj&tpI 

[0 1] 0ilt *5S^co— HJ£co^ffiT-*-l)^t:#)* 

ffi0T&3<, 

[0 2] 0 211, ^7r-TTco®^ffi$^-ra.-<v h-fe 

[03] 03tt, *77>y^bfcft«»«0!)6Mj-fl«|fc 

[0 4] i4ll U7yM®7h7-f7SMt5- 
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